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Abstract
Children undergoing magnetic resonance
imaging examination frequently experience
anxiety and fear before and during the scan-
ning. The aim of the present study was to
assess: i) whether and to what extent psycho-
logical interventions might reduce anxiety and
fear levels; ii) whether the intervention is
related to a decrease in the need for sedation.
The interventions consisted of three activities:
a clown show, dog interaction and live music.
The emotional status (anxiety and fear) of the
children was evaluated before and after the
activities through a rating scale questionnaire.
The results showed that the activities had high
effectiveness in reducing the level of anxiety
and fear and decreased the need for sedation
in the experimental group compared to the
control group. This approach proved to be a
positive patient experience, helping to allevi-
ate children’s anxiety and fear, decreasing the
need for sedation, and was cost-effective. 
Introduction 
Magnetic resonance imaging (MRI) is an
essential diagnostic procedure that has been
increasingly used because it provides high
quality imaging and does not use ionizing
radiation.1 The procedure is not painful in
itself but requires that the patient remain still
for approximately 45 minutes. 
It must be taken into consideration that
some factors related to MRI procedure (noises,
unfamiliar environment, presence of unknown
staff) can cause anxiety, nervousness, fear and
agitation in patients undergoing MRI.2
Children are especially prone to these anxi-
eties and therefore sedation is sometimes
used in an attempt to help them to keep still.
Although it is well known that sedation has the
disadvantage of increasing i) the patient’s risk
(e.g., respiratory depression and troubles of
the cardiac rhythm, with an incidence of
1/10.000); moreover, some of types of sedation
(e.g., using the hydrated cloralium) could
cause psicomotor nervousness or drowsiness
extended for over 6 hours in 1/3 of the cases
(Pediatric Anesthesia and Critical Care
Journal, 2007);  ii)  health care costs (e.g., sup-
plementary staff MRI-compatible equipment,
drugs and increased preparation time), reli-
able images are often obtained exclusively
under deep sedation.3-7 However, to decrease
the need of sedation, distress, nervousness
and anxiety in children undergoing MRI, sev-
eral interventions have been adopted.8 For
example, Carter et al.1 performed a mock MRI
before the true scan, and reported a benefit
consisting in decreased sedation in children
ranging from 3 to 8 years. Encouraging results
were also obtained with the implementation of
an Audio/Visual (AV) system that allowed chil-
dren to watch a video within the MRI magnetic
field.9,10 They found that the need of sedation
significantly decreased (from 49% to 40%) in
children undergoing MRI. Along the same
lines, Lemaire et al.,11 with the implementa-
tion of the AV system, showed a decrease in
sedation of 34% in children ranging from 4- to
10-year old, whereas the values did not reach
the significance for the remaining age groups.
Other types of interventions such as watching
a movie showing MRI procedures, breathing
exercises, listening to music and guided
imagery, have been shown to have overall,
although lower effectiveness.12,13 Train et al.14
found that psychological preparation through
both a photo-booklet and written advice to par-
ents led to reduced anxiety and decreased
rates of sedation. The effect of a photo diary
was also investigated by Hartman et al.15 They
found no difference in terms of anxiety reduc-
tion between children to whom an illustrated
booklet containing detailed information on the
MRI procedure was provided and the control
group (to whom only standard information was
delivered). The above mentioned studies indi-
cate a real need to adopt interventions and
strategies to decrease both anxiety and the use
of sedation in children undergoing MRI. It is
worth noting that a crucial moment of
increased anxiety, in both children and par-
ents, may occur in the waiting room, waiting
for the examination. In line with a need to
decrease anxiety, the present study has two-
fold aims: i) to assess whether and to what
extent psychological interventions might mod-
ulate anxiety and fear in children aged 4 to 11
years; ii) to verify whether the psychological
intervention is related to a reduced need for
sedation.
For this purpose, we organized three differ-
ent activities before the MRI session, consist-
ing of live music, presence of hospital clown
and animal assisted activities. The beneficial
effect of these interventions has been docu-
mented also in a more extensive context.
These approaches might act not only in reduc-
ing anxiety and fear in children (through
direct interaction with music, clowns and
dogs) but also in creating a general relaxed
atmosphere involving parents and medical
staff, with a positive feedback effect on chil-
dren.16-19 In this way the child is doubly bene-
fited. A questionnaire based on a rating scale
was designed to capture changes in emotions
before and after the activities.
Materials and MethodsSubjects
The subject groups were recruited from the
pediatric patients referred to the Meyer
Children’s Hospital, Florence, Italy, for MRI
examinations. Subjects were randomly
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assigned to the experimental or control
groups. Forty children (21 males) between 4
and 11 year-old were enrolled in the experi-
mental group and 65 children (30 males) aged
between 4 and 11 years in the control group.
The demographic and clinical characteristics
of the two groups of children are reported in
Table 1. The inclusion criteria for the patients
were: i) first attempt of examination without
sedation; ii) duration esteemed of the exami-
nation less than 60 minutes.Procedure
Parents were explained the procedure and
informed consent was obtained.
Children included in the experimental
group were asked before the MRI examina-
tion to indicate on a 5-point Likert scale their
emotional status regarding anxiety and fear.
A cartoon figure representing different
degrees of anxiety and fear represented each
point from the lowest degree to the highest
one. After children completed the two scales,
staff conducting different interactions came
close to the patients and started the activity
for 10 minutes. Three different activities
were proposed: i) clown (two professional
clowns interacted with children by telling
jokes or funny stories; ii) animal assisted
intervention (children interacted with a dog,
petting or giving a cookie, under the supervi-
sion of a professional trainer); iii) live music
(a professional musician played an instru-
ment (violin, flute) in front of the child pro-
posing him to play other instruments appo-
sitely created for children). Each patient was
randomly exposed to only one of these activi-
ties. In the experimental group 15 children
interacted with clown, 12 children with dogs
and 13 children with musicians After the
activity, children were again asked to indicate
their emotional status regarding anxiety and
fear.  After children completed the two scales,
the MRI examination started. 
Patients included in the control group were
asked, before the MRI examination, to indicate
on a 5-point Likert scale their emotional status
regarding anxiety and fear, after about 20 min-
utes, they were scanned. Statistical analysis
The SPSS (Statistical Package for the Social
Science) for Windows was used for statistical
analysis. For the comparison of categorical
data, the chi-square test was used, and for the
comparison of numerical data, Student’s t-test
was used. The emotional status of experimen-
tal group patients before the activities was
compared to that of control group patients
before the MRI examination. This analysis was
performed to ascertain that experimental and
control groups did not differ in their baseline
emotional status.
To evaluate the effectiveness of psychologi-
cal activities in modifying the emotional status
of the subjects, the levels of anxiety and fear
before and after the activities were compared.
To evaluate the effect of activities on the need
for sedation, patients requiring sedation and
patients not requiring sedation in experimen-
tal and control groups were entered in a binary
logistic regression with age and activity as
covariates. This statistical model was used
because the independent variable (sedation)
was dichotomous and the independent vari-
ables (activity and age) were categorical and
numerical respectively. Significance was set at
P≤0.05.
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Table 1. The children’s parameters expressed as mean ± standard deviation (SD). 
Parameters                      Experimental group           Control group                          P
Age                                                               7.8±1.7                                       8±1.7                                         0.61
Gender                                                                                                                                                               0.52
     Male, n                                                      21                                               30                                                
     Female, n                                                  19                                               35                                                
Duration of MRI (min)                         48.7±15.1                                 48.3±15.6                                     0.88
MRI-body part imaged                                                                                                                                    0.75
     Brain                                                           34                                               57                                                
     Columna vertebralis                                3                                                4                                                 
     Abdomen                                                    2                                                 1                                                 
     Extremity-joint                                          1                                                 3                                                 
MRI, magnetic resonance imaging.
Figure 1. Average scoring, for fear and anxiety, obtained by
experimental group before and after the psychological interven-
tion.
Figure 2. Percentage of pediatric patients who had (experimental
group) or had not (control group) partecipated to activities. A
significant (P<0.025) decreasing in the need for sedation
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Results
Table 1 shows children’s demographic data.
There were no significant differences between
the experimental and control groups in terms
of age, gender and duration of their MRI tests.
The most frequently imaged organ was the
brain without significant differences between
the two groups. 
In the experimental group, the emotional
status evaluated before the activities was not
significantly different from that in the control
group prior to MRI examination. In addition, in
the experimental group, the activities had a
beneficial effect on the patients’ emotional
status with a decreasing of both anxiety and
fear level (P<0.01 and P<0.001 respectively;
Figure 1). 
Finally, from the binary logistic regression,
results indicate that the effect of activity expe-
rience on need for sedation was statistically
significant (P<0.025). The need for sedation
was less in those children who engaged in one
of the activities compared to the control group
(Figure 2). Furthermore, the main effect of
age was found (P<0.001): a decreasing of need
for sedation was observed to a greater extent
in older children compare with younger ones.
Discussion and Conclusions
Children undergoing MRI examination fre-
quently experience negative emotions. The
unknown staff, noises and unfamiliar environ-
ment can provoke anxiety and fear and as con-
sequence they cannot remain still during the
procedure. Since obtaining a motion-free MRI
scan can be a challenge in children, sedation is
sometimes necessary.
The present study was designed to evaluate
the effectiveness of psychological interven-
tions in counteracting anxiety and fear and to
assess whether such interventions might
decrease the need for sedation. Our results
show that such interventions can have a bene-
ficial effect by reducing negative emotions. 
In addition, we found a reverse relationship
between participation in a psychological activ-
ity and the need for sedation. Children belong-
ing to the experimental group had significantly
less need of sedation. The data show a
decrease over about 3 months in the number of
children requiring sedation to complete their
MRI examination. As shown in Figure 2, the
need for sedation decreased of 18% in the
experimental group compared to the control
group. 
We might hypothesize that the activities
acted as distractions from the anxiety-provok-
ing stimulus and, at the same time, created a
general relaxing atmosphere that eased the
tension of both children and their parents. We
also suppose, although only in a speculative
way, that the relaxing atmosphere created by
the activities in the waiting area also affected
the mood of the MRI staff, thus improving their
interactions with children and their families.
This appears an important issue and could
warrant further investigations 
It is noteworthy that scarce attention has
been devoted to this topic; for this reason it is
difficult to compare the effectiveness of differ-
ent approaches through only a few previous
studies. However, it seems that the different
strategies proposed in these studies have had
overall positive affects. Nevertheless, it should
be taken into account that the interventions
adopted in the present study are difficult to
organize when urgent basis examinations are
required. However, it might be a useful
approach to combat anxiety in scheduled
examination conditions.
Summing up, our present findings indicate
that the psychological interventions (clown
show, dog interaction and live music) were
beneficial in helping to alleviate children’s
anxiety and fear. Although by no means con-
clusive, they constitute further confirmation
that it is possible to modulate negative emo-
tions and reduce rates of sedation in children
undergoing MRI scan. 
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